ABSTRACT A radioimmunoassay that measures a specific secretory tuberculoprotein was used to detect Mycobacterium tuberculosis in 9 of 30 liquid cultures of sputum. The accumulation of immunoreactive material in liquid cultures containing isoniazid was shown.to reflect in vitro susceptibility of mycobacteria to the antibiotic effects of the drug.
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In the past two decades, remarkable therapeutic advances have greatly changed clinical approaches to tuberculosis in the Western nations. In addition, we appear to be on the downslope of a 400-year-old epidemic. Nonetheless, tuberculosis remains one of the most prevalent infectious diseases in the world. According to the World Health Organization (1), there are approximately 20 million people with active tuberculosis who annually infect from 50 to 100 million people. The death rate attributable to this disease remains high-about 3 million people per year.
Current diagnostic techniques, which depend on the use of various staining techniques and culture ofthe organism on solid media, are relatively expensive and time consuming. There is general agreement concerning the need for new diagnostic methods offering adequate sensitivity and specificity combined with the ability to analyze rapidly multiple samples at low cost (2) . Radioimmunoassay (RIA) for a specific secretory protein derived from Mycobacterium tuberculosis (3) has the potential to meet this need. The studies reported here further characterize the specificity of this RIA and demonstrate its applicability to the diagnosis of active pulmonary tuberculosis and to the in vitro determination of the susceptibility of mycobacteria to the action of antimicrobial agents.
MATERIALS AND METHODS Sputum Samples. All sputum samples were processed according to routine procedures in the clinical mycobacteriology laboratory at Montefiore Hospital. A series of 30 sputa were studied. Sputum (10-12 ml) was mixed in a conical plastic tube with an equal volume of a solution of 2% (wt/vol) NaOH and N-acetyl-L-cysteine. After a 15-min incubation at room temperature, distilled water was added to a total volume of 50 ml, and the sample was then centrifuged at 3000 rpm for 20 min. Following decantation of the supernatant, 1 ml of 0. 2% bovine serum albumin was added to the precipitate. After being mixed, approximately 0.5-ml aliquots were added to slants of Lowenstein-Jensen (L-J) medium, and Lowenstein medium Gruft (Difco). A small aliquot of the decontaminated concentrate was used to make smears for microscopic analysis, and the remainder (0.1-0.5 ml) was then added to a culture tube containing 10 ml of Middlebrook 7H9 liquid medium (Difco). Cultures were maintained at 360C in a 95% air/5% CO2 atmosphere. Slants were examined for growth at 3-to 5- M. tuberculosis and Mycobacterium scrofulaceum Cultures. From the surfaces of L-J slants, 3 or 4 colonies of recent clinical isolates of M. tuberculosis or M. scrofulaceum were taken with a wire and inoculated into culture tubes containing 2 ml of7H9 medium. After being mixed, these cultures were incubated without agitation at 360C for 48 hr, after which 0. 1-ml aliquots were placed in culture tubes containing 5 ml of Middlebrook 7H9 media fortified with isoniazid in concentrations ranging from 0 to 1 mg per ml. A 2-ml aliquot was immediately removed, and 1 ml was used to inoculate a 150-mm diameter Middlebrook 7H 10 culture plate. The remainder was autoclaved at 125°C for 30 min and subsequently frozen at -20°C prior to analysis by RIA. After 7 days of incubation, during which cultures were shaken every 24 hr, the cultures were processed.
Six cultures ofM. tuberculosis grown in the absence ofisoniazid were continuously shaken during incubation in a Gyro Tory Shaker (New Brunswick Scientific, New Brunswick, NJ). Six companion cultures prepared from the same inoculum were incubated without agitation. Samples (2 ml) were removed and autoclaved at 24-to 48-hr intervals.
Tuberculoproteins. Purified tuberculin peptide no. 1, PPD-CT-68, and similar preparations derived from cultures of Mycobacterium bovis (virulent), Mycobacterium kansasii, Mycobacterium avium, Mycobacterium intracellulare (formerly known as "Battey bacillus"), and M. bovis (attenuated) (bacillus Calmette-Guerin) were the gift of Connaught Laboratories, Toronto, ON, Canada, through the courtesy of S. Landi. RIA of Tuberculoproteins. The RIA of tuberculoprotein was performed as described (3).
RESULTS
A typical standard curve for the RIA ofsecretory protein derived from M. tuberculosis is shown in Fig. 1 . The standard used in the assay is PPD-CT-68 prepared from culture filtrates of M. tuberculosis var. hominis, Johnston strain (4) . Also shown are the crossreactivities of similar preparations derived from other mycobacterial species. Considerable crossreactivity is demonstrated by M. bovis and M. kansasii preparations. However, Abbreviations: RIA, radioimmunoassay; L-J, Lowenstein-Jensen.
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The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. After 48 hr the tuberculoprotein concentration in the constantly agitated culture was 840 ng/ml, whereas that in the more stationary culture medium was only 135 ng/ml. By day 7 the concentration in the agitated culture had peaked at 1500 ng/ml, whereas more stationary cultures contained 240 ng/ml. These data are consistent with previous reports (6) showing that M. tuberculosis, a strict aerobe, grows logarithmically in liquid cultures when they are aerated continuously by shaking and grows arithmetically when the cultures are relatively stationary.
In Fig. 4 ml. The M. tuberculosis cultures (Fig. 4 Left) originally contained 350-500 colony-forming units/ml, and these were associated with approximately 0.25 pug oftuberculoprotein per ml. 
